Objective: To examine (1) sport participation and (2) sport injury in adolescents.
T here is a high level of adolescent participation in sport. [1] [2] [3] [4] In Canada, 65% of adolescents participate in regular physical activity at least 3 times per week. 5 Participation in sport is critical in the future health of our adolescent population. There is significant evidence that low levels of physical activity are strongly associated with morbidity and mortality related to many diseases. [6] [7] [8] [9] [10] Adolescents involved in sport are exposed to the increased risk of sport injury as a result of their participation. The risk of acute trauma sustained in adolescent sport requires special consideration, given factors associated with skeletal immaturity and developmental variability (ie, size differences) in some sports such as hockey. 11 In addition, there is growing concern about overuse injury in this population of athletes. 12 This concern may reflect increased intensity of training and competition in sport at younger ages, increased skill level at younger ages, and extended (often year-round) training seasons. Sport injury in adolescents has a reportedly high incidence rate, resulting in a significant impact on the individual, their parents, and the health care system. In Canada, sport injury is the leading cause of injury in adolescents. 13 It is also the leading cause of injury in adolescents leading to hospital emergency department admission. 14 In Alberta, it has been previously estimated that 1 in 4 adolescents requires medical attention for a sport injury every year. 15 This likely reflects the high rates of sport participation in this age group and the predisposition to injury as a result of factors such as skeletal immaturity and developmental variability. Sport-specific injury rates may exceed this in some sports such as football, hockey, basketball, wrestling, and gymnastics. [13] [14] [15] There is evidence that certain sport injuries, specifically knee and ankle injuries, can result in an increased risk of development of osteoarthritis later on in life. [6] [7] [8] It is also estimated that 8% of adolescents drop out of recreational sporting activities annually because of injury occurrence. 16 As such, adolescent sport injury could reduce future involvement in physical activity, leading to less than optimal health in the future.
There are many factors that may predispose an adolescent to injury in sport, even prior to the inciting event or mechanism of injury (ie, pivot maneuver on the basketball court or contact in hockey). 17 Target sports and populations must be accurately identified prior to planning future studies, focusing on identifying sport-specific risk factors and prevention strategies for injury in adolescent sport. As such, we set out to identify sport participation rates, sport injury rates, and current sport safety practices in adolescents. The results of this survey will facilitate future research in sport injury prevention that will have the greatest public health impact.
METHODS
A retrospective survey design was used to examine sport participation, associated injury, risk factors, and safety behaviors in Calgary (Alberta, Canada) and area adolescents. The target sample size was 3600 students (150 students from each school). The study sample was comprised of high school students (grades 10-12; ages 14-19) from 24 Calgary and area high schools. These schools were randomly approached to participate from 38 Calgary and area high schools, representing 5 Public and Separate School Boards. From each school, 2 mainstream classes were randomly selected from each of grades 10, 11, and 12. All potential participants were provided with a detailed study information document that outlined the nature of the study. Additionally, students in the Calgary schools submitted signed consent forms prior to participation, based on the requests of the 2 respective school boards. High school students completed a 40-minute written questionnaire (67 questions in total, not including subsections) in the classroom in the winter term of 2004. The variables covered in the questionnaire include subject demographics (13 questions), sport participation (17 questions), sport injury in the previous 1 year (requiring medical attention and time loss from sport), and injury prevention practices (ie, warm-up activities, use of protective equipment; 37 questions). Based on consideration of survey length, students were asked for detailed information only regarding the 3 sports that they played most often. Students were also asked more detail regarding what they considered to be their most serious injury of the sport injuries identified in the previous year. This section included questions that defined levels of injury severity based on injury requiring medical attention, injury that resulted in time loss from sport of at least 1 day, injury that resulted in time loss from normal daily activities of at least 1 day, and injury resulting in loss of consciousness. All questions were categorical in nature, with the exception of age, height, and weight. Where possible, the option of ''other'' was provided, with a caveat of ''please describe.'' Survey content was developed based on previous studies and similar literature. 3, 4, 13, 15, 18 Survey development included examination of content validity. The questionnaire was reviewed by 6 content experts including a sport medicine physician, physiotherapist, orthopaedic surgeon, teacher, psychologist, and varsity coach. Additionally, the survey was reviewed by a varsity athlete, 1 parent, and 6 adolescents, 1 male and 1 female from each of grades 10 through 12.
RESULTS

Study Participants
Twenty-four of 38 possible high schools participated in this survey study. Of 3986 students who were requested to participate, 2873 students returned the survey, and 2850 completed at least part of the survey, resulting in an overall compliance of 71.5% (Fig. 1 ). Compliance within each school ranged from 41% to 98%. Compliance rates were lower in those schools that required signed consent forms from parents. The participants were 52% male and 47% female and ranged in age from 14 to 19. The participants indicated their home to be located in Calgary (45%), another town .1000 population (29%), and rural (25%). The participants identified themselves as Caucasian (84%), Asian Oriental (4%), and other ethnicity (10%).
Sport Participation
The survey results indicated that 93.8% (95% CI, 92.8-94.6) of students participated in sport in the previous 1 year (n = 2850). Sport participation rates based on top 3 sports of participation were highest for basketball (26.1%; 95% CI, 24.5-27.7), snowboarding (20.3%; 95% CI, 18.9-21.8), soccer (18.9%; 95% CI, 17.5-20.4), hockey (17.9%; 95% CI, 16.5-19.4), and football (14.6%; 95% CI, 13.3-15.9), although more than 110 sports and activities were identified. Gender-specific rates as well as overall participation rates per 100 adolescents per year are summarized in Figure 2 . The top 5 activities for males were basketball, hockey, football, snowboarding, and soccer. For females, the top 5 sports were basketball, volleyball, dance, snowboarding, and soccer. Proportions of reported monthly and hourly sport participation in the top 3 sports for each participant are summarized in 
Sport Injury Rates
Of 2721 students completing at least part of the survey and answering the question, ''In the past one year have you had at least one sports injury?'' 1787 reported at least 1 sport injury (injury rate = 65.7 injuries/100 adolescents/y; 95% CI, 63.9-67.5). There was no significant difference between the overall injury rate for males and females (odds ratio [OR] = 1.02; 95% CI, 0.87-1.21). Of the individuals reporting at least 1 injury, 70.1% reported multiple injuries in the previous year. Of those reporting at least 1 injury in the previous year 1702 of 1787 (95.3%; 95% CI, 94.2-96.2) reported further information about their most serious injury. The injury rate accounting for only those injuries requiring medical attention (ie, physician, physiotherapist, athletic therapist, ambulance attendant, nurse) was 40.2 injuries/100 adolescents/y (95% CI, 38.4-42.1). The injury rate including only those students with injuries where ''play was stopped and went to a hospital'' was 8.1 injuries/100 adolescents/y (95% CI, 7.1-9.2). The injury rate based on injuries that resulted in time loss from sport of at least 1 day was 49.9 injuries/100 adolescents/y (95% CI, 48-51.8). In response to the question, ''When you were injured, did you lose consciousness/awareness, that is were you knocked out?'' the reported rate of loss of consciousness associated with a sport injury was 9.3 injuries/100 adolescents/y (95% CI, 8.3-10.5). The top 5 sports associated with the loss of consciousness were hockey (15.3%), snowboarding (13.3%), football (8.9%), cycling (road, mountain, and BMX, 6.9%), and soccer (4.8%).
Sport-specific injury rates are summarized in Figure 5 .
Injury Characteristics
The proportions of most serious injuries reported by sport and body part are summarized in Figures 6 and 7 . Sportspecific injuries by body part and injury type are summarized in Tables 1 and 2 for the top 10 sports by participation.
When gender-specific injury rates were examined by injury type, males were more likely to sustain fractures, and females were more likely to sustain ligament sprain and muscle strain injuries (Fig. 8 ). More specifically, based on point estimate, females had a tendency toward higher rates of knee sprain/dislocation injury (OR = 1.54; 95% CI, 0.97-2.47). Females also had higher rates of injury in soccer and basketball ( Fig. 5) . A previous injury to the same body part was reported for 49% (95% CI, 46.6-51.4) of injuries. Direct contact with another person was the mechanism of injury reported for 28.5% (95% CI, 26.4-30.7) of injuries. Direct contact with someone or something (ie, equipment, structure) was the mechanism of injury reported for 44.5% (95% CI, 42.2-46.9) of injuries. Sport-specific mechanism of injury is summarized for the top 5 sports by participation in Table 3 . Of those reporting direct contact with another person, 43.1% (95% CI, 38.6-47.6) reported that the other person was bigger than them. Of those reporting direct contact with another person, 54.4% (95% CI, 49.9-58.9) reported that the contact was intentional, and 18.4% (95% CI, 15.0-22.1) reported that the contact was not allowed within the rules of the sport. Protective equipment was worn on the injured body part 25.8% (95% CI, 23.7-27.9) of the time. There was a coach, teacher, or referee present for 64.8% (95% CI, 62.4-67.0) of the injuries. Of all injuries reported, 47% occurred during a competition or game. Time loss from sport injury is summarized in Figure 9 . Only 47.8% (95% CI, 45.4-50.2) of the injured adolescents reported receiving first aid treatment at the time of injury; however, 64.3% (95% CI, 62.0-66.6) reported receiving medical treatment at a later time. Only 15.3% (95% CI, 13.7-17.1) of injured participants reported receiving a fitness test to clear return to sport.
DISCUSSION
Sport participation rates in Calgary and area adolescents are high (94%). The overall sport-specific participation rates are highest for basketball, snowboarding, soccer, hockey, football, and volleyball. Hockey and football were popular primarily with males, whereas volleyball, running, swimming, and dance were more popular with females. The participation rates for activities such as cycling, snowboarding, skiing, skateboarding, and rollerblading are also high.
High participation rates in sport provide ample opportunity for sport injury in the adolescent population. The rates of sport injury requiring medical attention (40.2 injuries/100 adolescents/y) and hospital emergency department visits (8.1 injuries/100 adolescents/y) are consistent with the literature. [13] [14] [15] The proportion of most serious injuries reported is greatest in basketball, hockey, soccer, snowboarding, and football. This finding is associated with the high rates of participation as well as the high sport-specific injury rates found in these sports. Consistent with the findings of Backx et al, 1 all of these sports involve a high rate of contact, jumping, sprinting, or pivoting activities, which are often involved in the mechanism of injury in sport. Although sport-specific rates of injury vary considerably, the highest rates of injury are consistently reported for males participating in hockey, 11, 19 basketball, 1, 20, 21 and football, [21] [22] [23] and for females participating in gymnastics, 21, 23, 24 basketball, 1,20 and soccer. 1, 20, 25, 26 Other sports such as wrestling and gymnastics also have high injury rates; however, the public health impact of injury in these sports is not as great given lower participation rates. Time loss from injury is significant, with 45% of individuals reporting time loss from sport of more than 1 week.
There is evidence that adolescent males are generally at greater risk for injury than females (OR = 1.16-2.4). 5, 21, [27] [28] [29] [30] The exception to this is in studies examining specific sports, including soccer 26, 28, [31] [32] [33] and basketball, 34 in which females appear to be at greater risk. In our study, there was no significant difference in the overall injury rates between male and female adolescents. Sport-specific injury rates, however, are higher in females for basketball and soccer. When examining injury type by gender, we found that males are more likely to sustain concussions and fractures and females to sustain ligament sprains and muscle strains. Specifically, females were more likely to sustain ankle and knee sprain/dislocation injuries than males. This is consistent with Hewett et al 35 who demonstrate higher rates of knee sprain injury in adolescent female athletes.
Ligament sprain is the most frequently occurring injury type, accounting for over 25% of all injuries reported. This is consistent with the findings in a similar survey study in Australia. 18 More than 50% of the most serious injuries reported are ankle, knee, and head injuries. This is also consistent with findings in Australia. 18 Based on the top 10 sports for participation, ankle and knee injuries are consistently the top 2 injured body locations for basketball, soccer, volleyball, running, and dance. In football, snowboarding, and hockey, injuries to the head are the most common.
There is evidence in the literature that previous injury is consistently found to be a significant risk factor for injury in sport. 1, 22, 36 This finding is supported by this study. Almost 50% of the most serious injuries reported were reinjuries to a previously injured body part.
Direct body contact accounts for 29% of all injuries, of which 54% were reported intentional contact and 18% outside the rules play. In the high participation sports, the highest proportion of contact injuries occurs in hockey, football, soccer, and then basketball. This is not surprising for hockey and football, where body contact is within the rules of play in many leagues; however, this is more surprising for noncontact sports, including soccer and basketball.
Limitations
The precision of the information presented may be subject to bias due to the nature of the self-report survey techniques used. Other studies demonstrate underreporting of injury in similar studies requiring 1-year recall. 27, 37 Sport participation rates in our study are likely underestimated, as respondents indicated only their top 3 sports of participation. Individuals who participate in more than 3 sports were not able to account for these additional sports in the survey, and as such, participation would not be included in the denominator (ie, number of participants). It is also plausible that the high rate of participation in some sports such as basketball may be related to the timing of the survey (March/April), when schools have just completed their basketball season.
Selection bias may be of some concern, as compliance rates ranged from 41% to 98% at individual schools. This variability seemed to be related to different consent requirements, with lower compliance at schools that required a completed parental consent form. Although sport participation rates and injury rates varied by school, this was independent of school compliance rate in completing the survey.
Lack of appropriate participation exposure information made it impossible to calculate sport-specific incidence density, which accounts for time exposed to sport in hours or number of sessions. Clearly, time spent doing an activity is critical in the assessment of risk of injury. Overall injury rates included all injuries reported by all participants. The denominator for estimating sport-specific injury rates was based on the top 3 sports reported by study participants. As such, these rates may be overestimated.
CONCLUSIONS
This survey suggests that the majority of adolescents in grades 10 to 12 participate in sport. Rates of sport injury are high. Prevention strategies will have the greatest population health impact by targeting participants in sports that have both high participation rates and high injury rates such as basketball, hockey, soccer, snowboarding, and football. Future research will focus on determining, implementing, and evaluating injury prevention strategies in adolescent sport.
It would be impossible to eliminate all injury in adolescent sport. There is significant evidence that the number and severity of injuries can be reduced in many sports through various injury prevention strategies. Though there is less research evidence specifically for the prevention of injuries in youth sport than in adult and elite sport, the significant impact of sport injury in this population warrants significant attention. The impact of sport injury on sport participation, early osteoarthritis, and other future health concerns related to obesity and other disease morbidity and mortality has significant public health implications. 
